Abstract: Eye-tracking technology has been studied in the field of Human-Computer Interaction as well as industrial applications such as advertisement, medical diagnostics and surgery. However, because the eye tracking is mainly affected by environmental changes like illumination, scale and image rotation, we do not only use Haar classifier to detect face region and eye area, but also take advantage of the Circular Hough Transform to extract the pupil from detected eye region. The detected pupil is tracked in real time by making use of the template matching. We confirm the robustness and usefulness of proposed algorithm through lots of real experiments in changing circumstances of illumination, scale and rotation.
INTRODUCTION
Eye tracking is technology to detect eye movement and track the gaze direction of eye and is useful in areas such as marketing research, Human-Computer Interaction and medical diagnosis and surgery. Eye tracking tools include Head Mounted devices and contact lenses as well as video analysis method. Video analysis method is compared to Head Mounted method and contact lenses method excellent in terms of the user's convenience. However, the image processing is influenced by environmental changes such as illumination and scale [1] .
In this paper, we classify the face region by the Haar classifier as well as extract the eye region by the Circular Hough Transform [CHT] . The extracted eye is tracked in real time by the Template Matching [TM].
FEATURE EXTRACTION FROM INPUT IMAGES FOR THE EYE-TRACKING
In order to track the eye from the input image, the facial region must be discriminated and the pupil on the face region is detected. The facial region is classified by taking advantage of Haar classifier and the pupil from the classified facial area is extracted by the CHT In this paper, we have implemented the face detection and eye detection algorithm by making use of the trained results from the haarcascade_frontalface.xml provided by OpenCV2.1 [2] . The detected face results are shown in Fig. 1 .
Fig. 1 Face detection results by using the Haar classifier
The face region is classified from the area around the eyes by using Haar classifier to detect eye area [3] . The pupil candidates are extracted from the classified eye region in Fig. 2(b) by using the CHT and confirmed by applying the TM to the extracted candidates. Fig.3 shows detected pupils by using the CHT as well as the TM in pupil detection. Fig. 4 shows flow graph for eye tracking using the TM. The real time eye tracking algorithm as shown in Fig.4 is comprised of 4-parts: part (1) face and eye region discrimination, part (2) pupil detection, part (3) face tracking and part (4) eye tracking in Fig. 4 .
EYE TRACKING AND EYE REGION EXTRACTION
The Haar Classifier is applied in part (1) of face and
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Byuhng-Munn Suhng 1 , ByoungKyun Kim 2 , Euichul Lee 3 , Wangheon Lee eye detection and the CHT is used in part (2) of pupil detection. The CAMShift [4] algorithm is applied in face tracking in part (3) and the TM is applied in eye tracking in part (4). Fig. 6 (d) , Face detection using Haar classifier is failed in the rotated images. We are preparing for rotation invariant tracking algorithm by referring [5] .
ENVIRONMENTAL CONDITION
We made use not only of Intel i5 CPU, 4GHz RAM and Bumblebee Stereo camera so as to capture images as a hardware platform, but also of OpenCV2.1 installed on the Visual Studio 2010 of Windows 7 as a software platform. Execution speed is shown in Table 1 for each algorithm in Fig.4 . 
CONCLUSION
In this paper, we proposed not only robust face and eye region detection, but also face as well as eye tracking in real time.
The Haar classifier is utilized in face and eye area detection, the circular Hough Transform is used to detect the pupil. The detected pupil is tracked by using the specified template
The template matching algorithm is used to track face and pupil in real-time as well as in an environmental changes such as lighting, scale changes and rotation.
However, because the proposed algorithm is not applicable in case of rotated more than ±30° from the upright position as shown in Fig. 6 (d) , we are preparing a probabilistic tracking algorithm using the SVM based on the Zernike Moment [6] .
